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Abstract 
We present a new algorithm to compute the placement of heliostats in a solar field which is particularly applicable to uneven 
landscapes. The new method can be best described as using a potential field, generated by the central tower, to attract heliostats 
towards it. We initially present the model which is based on breaking down the problem into a computing forbidden regions of 
heliostat placement given any heliostat and then integrating this with a global parameter which we call the potential field. Three 
test cases are shown, a flat terrain, a small hill perturbation and finally a completely uneven landscape. It is found that the 
patterns that evolve are sunflower patterns when heliostats are limited by the physical constraint and a spiral pattern when 
constrained by the blocking constraint. Other constraints are not implemented in the current publication. 
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1. Introduction 
A new model approach is presented to calculate how a heliostat field can be laid out, especially on an uneven 
terrain. During the optimisation of a heliostat field, several parameters are taken into account, namely shading, 
blocking, cosine losses, atmospheric attenuation loss and heliostat reflectivity. However, when considering the 
location of a particular heliostat the main drivers are the shading and blocking profiles of that heliostat since those 
can dramatically affect surrounding heliostats. On the other hand, attenuation loss will put a boundary on how far 
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one is willing to place heliostats rather than where each heliostat will be and cosine losses can be attributed to (a) the 
actual field location and landscape and (b) how much each heliostat is exposed towards the sun. 
In this paper we will present a new way to take into account the shading and blocking constraints and how the 
blocking part of the algorithm has been implemented. We tried to veer off a simple heuristic approach such as the 
biomimetic sunflower patterns (Mitsos 2012) or radially staggered patterns (Lips Van Hull 1978), and defined the 
problem as a simple sub problem that can be solved exactly. Additionally, the algorithm is such that it is indifferent 
to the landscape as we hope this will allow for the increased development of heliostat fields in non-flat regions as 
has been typically the case. 
 
The algorithm was inspired by considering how gravity attracts marbles in a shallow bowl in a way that they are 
naturally placed as close to the center, the driving force being gravity and the tendency for the system to minimize its 
potential energy. Expanding on the concept, and moving from a gravity field to an electric field which allows for 
both attractive and repulsive forces, the tower can be modeled as a large positive charge which attracts the heliostats, 
which have negative charge and thus are repelled between them. The location of each heliostat, each negative 
charge, is a function of the attractive force of the central tower and the repulsive force of the neighboring heliostats. 
This is a simple explanation and introduction to build some basic intuition of how the algorithm is going to work. 
The algorithm can be broken down into two parts, the first is the placement of a heliostat, a charge in the analogy, 
given the current field and the second is updating the field given the newly placed heliostat, in other words how does 
this new charge affect the attraction of subsequent ones. This makes it extremely fast and most importantly this 
algorithm’s time complexity is linear and hence computationally not very difficult to carry out. This is a direct result 
of breaking down the problem into these two sub problems. 
 
We will present how the heliostat field will appear on a flat surface, on a surface with a single small hill and 
finally on an uneven landscape, identify patterns and how the field evolves with each heliostat placed. 
 
2. Model description 
The problem consists of two sub-problems. The first is placing the heliostat, in other words identify where the 
heliostat pylon will be placed, given a field and the second is to update the potential field with the new heliostat. The 
potential field is defined as the forbidden region in which a heliostat pylon cannot be placed. Each heliostat has its 
own forbidden regions, however, the union of all currently placed heliostats will create the total forbidden region 
which is identical to the potential field. Updating the field for a newly placed heliostat is simply the union of the 
previous forbidden field with the forbidden fields associated with the current heliostat. 
 
2.1. Heliostat forbidden field 
2.1.1. Physical region 
 
Each heliostat needs to allow enough space around it to move freely, this effectively results in a forbidden region 
around it that is a circle in the x-y plane to ensure that heliostats will not crash into each other as they move around. 
 
2.1.2. Blocking region 
 
This is the region in which placing another heliostat the second’s view to the tower would be blocked (Fig. 1). 
This is dependent on the size and orientation of the heliostat in front. 
 
Additionally, since what we actually are interested in is where the pylon of the next heliostat should be placed we 
need to consider the fact that the heliostat has a certain size and we should distance the next heliostat at a distance 
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which allows safe movement of each of the heliostats. Therefore, the heliostat region needs to be expanded as is 
shown in Fig. 2. 
 
Estimating the blocking region is highly dependent on the surrounding terrain since it is identical to the problem 
of finding the shadow cast by a light source placed at the tower. For example, a heliostat placed on the edge of a 
cliff will have a very large blocking region while a heliostat placed on a slope will have a smaller one, an example is 
shown in section 2.4.2. 
 
Fig. 1 (a) Example of a blocking zone, the blue circle indicates the location of the Tower, the green line is where 
the heliostat is placed and the purple is the blocking region. (b) blown in region of heliostat 
Fig. 2 The blocking and physical region of a heliostat. 
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2.1.3. Total heliostat forbidden region 
 
Combining these two regions results in the heliostat forbidden region (Fig. 3). As can be seen both regions 
influence the final heliostat forbidden region and will influence how close each heliostat can be placed. 
 
2.2. Potential field 
The potential field is the union of the forbidden regions of all currently placed heliostats and is continuously 
updated with each new heliostat placed. Initially, since no heliostats have been placed we need to define the 
potential field. One solution is to initialize it by the use of a circle at a certain distance from the solar tower and thus 
heliostats are at first placed on a circle. 
 
2.3. Uneven landscape 
 
This formulation was primarily developed to deal with the complex problem arising from uneven surfaces. 
Intuitively it is obvious that placing heliostats on a slope facing the tower will allow for tighter packaging while a 
slope in the opposite direction will mean that fewer heliostats can be placed per unit area. This will be seen in the 
following simulation results. The landscape can be stored in various formats each of which essentially ends up being 
a collection of triangle surfaces in the formulation. 
 
2.3.1. Forbidden zones modifications 
 
It is simple to incorporate an uneven surface by simply modifying the forbidden zone calculation for individual 
heliostats. The physical region actually needs not to be modified but the blocking region needs to be calculated as 
the shadow cast now on an uneven surface (referring both the real shadow from the sun and the “blocking shadow” 
Fig. 3 (a) The potential field is shown and (b) how it is updated as a new heliostat is placed 
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from the tower). In this way, the modified forbidden zone for each heliostat is generated, which incorporates its 
location, orientation and more importantly, the terrain. 
 
2.4. Results 
 
We will show results for three test cases where no blocking is allowed between heliostats. This is implemented 
by inputting a very low value for the potential field of the central tower. Blocking/shadowing allowance can be 
increased by simply increasing the value of the central potential field, resulting in smaller calculated 
blocking/shadowing regions. This in turn will result in the placement of the next heliostat inside the true blocking 
(or shadowing) zone of the heliostats placed before it, but not within the forbidden zone (physical boundaries). 
The first being a simple flat landscape, the second is a flat landscape with a small hill and finally we will show a 
calculation for an uneven landscape. For each calculation we plot the distribution as well as the density of heliostats 
as a function of location to show how this changes against the base case of a flat landscape. In all cases the heliostats 
are 6 by 8 m and the tower is 200m above the ground. 
 
2.4.1. Flat landscape 
 
The heliostats initially adhere to a sunflower pattern. However, once they are far enough and more than one 
heliostat can be placed in the gaps created the sunflower pattern breaks down. We provide two plots, one which is 
the placement in Cartesian coordinates and another plot which plots their polar coordinates. The latter is quite 
Fig. 4 Heliostats placed on a flat surface. The diameter of the circles 
is that of the heliostats. 
Fig. 5 Heliostats on a perturbed surface with a hill whose boundary is 
the black line. 
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instructive to understand how the placement of heliostat occurs. As can be seen in figure 4 the heliostats initially are 
placed pretty much at a constant distance and interlaced in order to placed them a close as possible.  
 
 
It can be seen in Fig. 6 that the “row” pattern breaks down as soon as the heliostats can be placed close enough to 
each other limited mainly by their physical constraint, around a radius of 170m. Even then it can be seen that 
heliostats are placed alternatively, constrained by the physical boundary and then by the blocking constraint leading 
to a two row pattern. This further breaks down and heliostats take on a spiral pattern. 
 
Fig. 6 Angle radius plot for heliostats placed on a flat surface. 
Fig. 7 Angle radius plot for heliostats placed on a flat surface with a hill. 
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2.4.2. Landscape with a hill 
 
The landscape here is flat with a small hill the limits of which are shown with a black circle in Fig. 5, 7. The hill 
was modeled as a cos2 function allowing for a smooth transition and maintaining a continuous derivative, its height 
is 25m, its radius 150m, located at -100m, -200m. This test case serves as an example to help build intuition on how 
the heliostats will be placed on an uneven terrain as well as provide a first test case with a simple perturbation to the 
flat landscape. As can be observed the density of heliostats veers from that shown for the flat landscape case as 
expected. The density of heliostats increases on the one side of the hill, the one closest to the tower, and decreases 
on the other side as basically heliostats are placed on the opposite sloping side of the hill. Of course this affects 
heliostats not only on the hill but any that are in the vicinity. This can be better observed in the radius-angle plot 
(Fig. 7) where even outside the hill boundary heliostats are placed in a different manner to the flat landscape case, 
particularly behind the hill. This can be understood due to the fact that heliostats are affected by heliostats before 
them at approximately the same angle as the “perturbation” propagates through every additional heliostat placed in 
its vicinity. 
 
 
2.4.3. Uneven landscape 
 
The final case that is presented is for a completely uneven surface. As expected the pattern at first seems 
completely random and although “rows” (Fig. 8, 10) seem to evolve this is purely dependent on the landscape and 
cannot be traced to a single feature as it also depends on all heliostats that have already been placed and evolve the 
forbidden region boundary. Regions of large density of heliostats correspond to landscape features that have a slope 
towards the tower, thus allowing for tighter packing, behind which a lower density region can usually be expected. 
Fig. 8 Heliostats on uneven surface Fig. 9 Heliostats and uneven landscape 
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As before we observe the inner sunflower pattern where heliostat placement is dominated by the blocking regions 
and once the distances between neighboring heliostats increases a spiral patterns tends to evolve, although patterns 
are hard to observe and fully define. We can see though that locally where landscape perturbation can be thought to 
be small patterns seem to tend to one of spiral or a sunflower pattern. 
 
Observing Fig. 8 as expected there are perturbations due to the landscape. Particularly interesting is the region in 
the lower right part of the field. The potential has evolved to be quite distant from surrounding heliostats due to the 
presence of a steep hill. This is also observed at the upper left of the field. Carefully examining figure 9 it becomes 
clear why this is so. 
 
3. Conclusion 
An algorithm has been developed to calculate the placement of heliostats on a solar field on an uneven surface. 
We documented the algorithm of how one would be able to place heliostats on a field by solving a smaller problem 
rather than using some heuristic or trying to optimize the entire field which would result in a computationally 
demanding problem. Here we present an elegant solution to the global optimisation problem by optimizing each 
heliostat individually and then updating a global parameter, namely the potential field. Figure 2 shows how each 
individual heliostat placement is placed at its optimum and then figure 3 shows how the global parameter is updated. 
Additionally, it can be seen that perturbations in the landscape result in changes in the heliostat field not only at the 
location of the perturbations but also to subsequent heliostats. However, this is not necessarily the globally optimum 
solution and additional work is being done to include access roads, further constraints to allow partial 
blocking/shading in areas of low density, as well as economic criteria of cost of land and cost of heliostats. 
 
Fig. 10 Angle radius plot for heliostats placed on a uneven surface. 
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Appendix A. Isotropic view of heliostats placed on uneven landscape 
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